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In  contrast to solution analysis, the direct solid analysis has many advantages,
e.g.  little or even  no sample size requirement and   sample preparation, low risk
of reagent or solution waste, the  avoidable introduction of contamination, and
high spatial (lateral   and in -depth) resolution.  In particular, the demands of real -
time, in-situ, fast and non-destructive analysis have become much more important
in the fields of industry and science. Thus, it is alw ays the goal for us to develop
reliable analytical methods with high throughput, high selectivity and high
sensitivity.  Laser has been widely  used in  analytical   field for its stability,
controllability, reproducibility and excellent physical property.  Mass  spectrometry
is one of the  most  promising  techniques for its capabilities of sensitive, precise,
and accurate
multielemental   determinations as well as isotope ratio measurements. The
combination of laser and mass spectrometry is very powerful. As an ion s ource,
laser provides an universal technique for solid sampling and ionization. In the low
energy regime, laser desorption is used for organic solid analysis and matrix -
assisted laser desorption  ionization   (MALDI) is  especially suitable for   the
analysis of   polymer and
biomolecule. In the high energy regime, laser ionization (LI) is best for elemental
composition analysis with atomization, excitation and ionization at one step.
Although the combination of laser and mass spectrometry is widely used for solid
analysis, the mechanisms involved in the laser-solid interaction , plasma
formation and plume expansion  are still not fully understood.   Thus, in this
dissertation, researches are carried out by the using of time-of-flight mass
spectrometry (TOFMS). Related works are briefly described as follows: 
1.In high laser irradiance, c haracteristics of laser ionization in vacuum and low













TOFMS. The measurement of kinetic energy and spatial distributions of ions  was
made to illustrate the plume expansion dynamics and the interaction with
background gas. plume splitting was observed in the low pressure regime
investigated (from 100 Pa to 2000 Pa). The plume propagation translates from a
free expansion in vacuum to shockwave-like expansion at relative low pressure
and finally thermalized  diffusion into background gas at relative high pressure
environment.
2.In low laser irradiance, we focused on one aspect of MALDI source. Ions in
MALDI  are predominantly singly charged for small   analyte molecules with
insufficient degrees of freedom. With the estimated high number density and low
temperature of electrons, the three-body  recombination mechanism is attractive
and should be considered as an important caus e for the  charge reduction in the
plume.The higher of the charge state, the more efficient of reduction. The
predominantly singly charged ions in mass spectrum may primarily attribute to
their lower probability of neutralization. Theoretical calculations  indicate that the
three -body recombination will overtake  the two-body recombination.  There are
four experimental proofs supporting our theory.
3.Finally, LI- O-TOFMS  was employed to determine the elements in single egg
cell. The sample preparation procedure was simple and fast by just heating the
corvina egg cells at a high temperature. In the LI-O-TOFMS system, elements
can be clearly observed in the spectrum with reasonable isotope ratios. Some of
the nonmetallic elements, such as P and S that are difficult to be measured by
ICPMS, can also be determined by LI-O-TOFMS.The results demonstrate that LI-
O-TOFMS is capable of elemental quantification of a single cell of several
hundreds micrometer in size.
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